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' The Director's Corner

The article by LTC David Dorman on
MANPRINTing Javelin describes a commendable
success. A hugely effective anti-armor weapon sys-
tem was designed and developed for the Infantry.

By skillfully engineering a modular design this
hard hitting, highly accurate weapon was made
portable for light infantry. By thinking ahead to
the tactical environments in which this modular
system will be deployed, with the load distributed
umong the members of arifle squad, the TRADOC
Systems Manager (TSM) is focusing the Infantry
School on the required doctrine and training for
tactical operations—e.g., rapid action responscs lo
encmy conlact. Lappland the Javelin Program Man-
ager, T'SM, and the Infantry Schoal for their work,
We are also pleased Lo present in this issue an ar-
ticle on the Apache MANPRINT program success
and methodology by Mr. Don Crabtree and a very
timely article on heat stress in combat vehicles by
Mr. Ajov Muralidhar.

Jack H. Hiller
Director for MANPRINT
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Continuous MANPRINT
Development in the Javelin
Antitank Missile
by LTC David Darman

Assistant TRADOC Systems Manayer
Antitank Missiles

We have always heard that MANPRINT has _

its higgest payoff in the carly stages of a program.
The focus of this article is the continuing role of
MANPRINT afler that initial cphasis—afrer the
eacly stages of development are complete.
MANPRINT was-a key element during the Proof

(consitued on page 6) |
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MANPRINT

Spending Your Nickels Wisely

by Don Crabtree
MANPRINT Manager, AH-64 Apache Attack H. elicopter Program

Would you spend a nickel today to save a dollar 1o-
morrow? Do you recopnize the value added in speniding a
nickel for design fixcs up front versus spending dollars
for extra manpower costs in the Niture? Ihe Apache At-
tack Helicopter Project Manager answered yes to these
nportant questions and instituted a MANPRINT program
o influence dusign of the modernized A pache. This ar-
icle explains the Apache MANPRINT program.

The Apache Auack Telicopter MANPRINT program

sonnel ulilization can he maximized. the program is sue-
cessful. Since these MANPRINT accomplishments will
have a major impact on effective Operator/maintainer per-
formance and the reduction of safety risks, the
MANPRINT program was cost-effective,

MANPRINT Program Management

The mujor ingredients of the pro ITHIT'S SUccess have
g k 2

been the program's efficient management, the wide range

as bzen very successful in ensuring cach of the seven
IANPRINT domains are considered throughout the de-
gn process and system life cvele. The averall objective
the program is to minimize operalor workload, maxi-
irc maintainer efficiency and eliminate personne| haz-
ds and equipment damage. It has emphasized the naed
r effective man-machine interface to achieve oprimal
stem performance.  Since its inception in 1989, over
W00 concermns (reflimead to as observations) have been ad-
cssed and documented, About half of these concerns
=r: accepted as valid MANPRINT issues and were
stked or are being worked until final resolution. The
ANPRINT program has had a definite impact on desi on
anges, technical documentation. (raining courseware,
oduct improvement, and elimination of hazards. The
Mar savings realized by applying MANPRINT principles
cuphout a weapon systems life ¢ yele is difficull to quan-
v. However, if risk of death, injury. and equipment da-
uction or damage can be.minimized. and if effici=nt per-

of both industry and government involvement, and the
support and hard work of key personnel. Some of the
ideas specifically instituted and the toals employed in the
program are described below,

All Apache series aircraft have common hardware and
were consolidaled into one MANFRINT program. This
provided opporiunities to review lessons learncd and elimi-
nated duplication of effort. This conselidation has dem-
onstrated continuity, consistency, and effzctive utilization
uf resonrces.

A MANPRINT Joint Working Group (MIWG) char-
ter was developed to supplement the System MANPRINT

Management Plan. The charter pravides specific dirce- |

tion in conducting MIWG meetings and establishes fre-
quency. chairmanship, responsibilities, and membership,
A process flow diagram for issues and concerns is included.
Each concern (observation) is thoroughly evaluated prior
to being accepted as a MANPRINT issue.
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An Executive Council comprised of representatives
of the Project Manager's Office; U.5. Army Aviation Cen-
ter, Director of Combat Developments; TRADOC Sys-
tem Manager; and the U.S. Army Research Labhoratory,
Hurman Research and Enginecring Directorate was estiab-
lished. This council meets approximately one month prior
ta the MIWG meeting to review issues and concerns and
prepare recommemdations fo the MIWG on appropriate
courses of action. In order to resolve issues as quickly as
possible and 1o keep members informed on the latest ac-
tions and status, the Bxecutive Council and MIWG meel
twice i yoeur,

MIWG meetings always have a broad base of repre-
sentation present, Membership includes the Executive
Couneil, contractor MANPRINT representatives, and all
ageneics responsible for the individual MANPRINT do-
main assessments, In addition, numercus other commands/
agencies and project/product managers are invited 1o at-
temd, This ensures the most knowledgeable decision muk-
ers e in attendance.

Read-ahead packages which depict the issues to he
discussed, the latest status, and any Executive Council rec-
ommendations are prepared and distributed to all prospec-
tive MIWG attendees. Each recipient is tasked o thor-
oupghly review the package and attend the meeting [ire-
pared to discuss the issues. This adds tremendously o the
efficiency and accomplishments of meetings.

When an issue has a recommended course of action
established, but is not yet in effect (awaiting funds, analy-
se8, test or documentation, engineering inputs, afc.), it is
placed into a defurred category. ‘These issucs are reviewed
by thie MIWG only when these pending actions have been
completed. Pror to closing an issne, all corrective ac-
tions are centified as completed and the issue is verified as
being salisfactorily closed.

All issues not in a deferred category are referred 1o
action agencies al the MIWG meeting. Suspense dates
are established and follow-up actions are taken ta provide
recommendations and solutions. Thess action ilems are
documented in the meeting minutes and discussed at the
next meeting, -

Minutes are prepared for hoth (he Execotive Council
and MIWG meetings and distributed as quickly as pos-
sible (normally within one week). Tssues requiring action
are listed as well as the agency responsible for performin I
that action,

A dedicated MANPRINT database and travking record

was established to monitor and store all concerns and is-
sues. This database was designed to sasily idendfy the
originator, address the concem, identify the domains af-
fected, prioritize the issus, and document the recommen-
dations, status, and wclion agencies assigned. A number
of sort and search uplions were built in o provide sumima-
ries and fast reirieval of historical data, To ensure aceu-
racy and completeness, the Project Manager assigned @
dedicated MANPRINT manager with overall responsibili-
ties for the program.

The MANTRINT program is thoroughly integratced
throughout the Apache Attack Helicopter program. Agen-
cies and working groups involved with the Apache are
diverse, widespread, and often very specialized. As are-
sult, communication between these groups is difficult with-
out central integration. In order to eliminate duplications
of effort and ensure solutions developed by a particnlar
group do not adversely impact other areags, issues are trans-
ferred to these groups., The MIWG monitors these ongo-
ing actions, and the MANPRINT database documents ac-
tons and recommendations set forth. Examples of these
diverse groups include the System Sufery Working Ciroup
{SSWG), Apache Readiness Improvement Pi ngram
(ARIP), und the Integrared Logistics Support Management
Team (ILSMT). There have been several instances where
this approach has not only prevented confliets fram aris-
ing, but has created a synerpistic effect on ather Ernup
netivilics, thus reducing resource expenditures and enhane-
ing the solution to an ssue/vhservation,

All prime coniractors consider MANPRINT in their
design decisions. This requirement is included in all state-
ments of work and contracts. MANPRINT status reparts
and plans ane also received as contract daliverables.

Program/project/product manager commitment ta the
MANPRINT process is a must. Apache managers are sup-
portive and actively involved in the MANPRINT program.
Their involvement has added substance and creditability
to the program and has led to what is reportedly one of the
premier MANPRINT programs in the Army.

Major Accomplishments

One of the more noteworthy MANPRINT accomplish-
ments has been the identification and resolution of
maintainer accessibility and attaching hardware problems,
A lop priority in the conversion of Apache AH-04A series
lo the AH-84D configuration was ensuring there would
be no increase in manpower or personnel requirements.
During the contractor and Govemment Logistic Deman-
strations, 273 mainlenance concerns were documented by

(continued an pape )
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Letter to the Editor :
The following lerter was written in response to the article, "Why MANPRINT Makes
Sense for Streamlined Acguisinon,” published in the Summer 1993 issue.

I enjoved reading your article but was struck by a
singular observation. That observation is not that
MAMPRINT is not a good thing, it is, but by the fact if
what you say about the Stinger, the MLES, Black Hawk
and FIOIS 15 correct, then the Statement of Work for
these conlracts wis IMPROPERLY STATED.

That is o say the Systems Engineering did not prop-
erly define the requirerments. Had these requirements
been properly stated at the onset, then almost all of these
prablems depicted in your article would have been elimi-
nated in the Full Seale Desipgn process.

While Human Factors Engineering is the new fron-
ticr for achieving incrcased perfonmance and suitabil-
iy, sorme very basic design engineering is also reguired.
That seems to be what you are saving, not that
MANFRINT was neglected but that the requirements
were nol properly stated and that the conlractor was
allowed to field a system without really providing what
was wanted and needed.

The neglect of the System Safety Working Group,
a basic MIL-STD-882 requirement, is a Program Man-
agement SNAFU. Neglecting these kinds of issues leads
e the inevitable “Rubber on the Ramp” thing that the
USAF went through for years, Life Cycle Cost require-
ments drove that philosophy cut of USAF procurement
process and ought to have done so in the Army too.
MIL-8TD-882 prodoced markedly safer and more reli-
able airerall, and summarily redoced the mishap rale

123 R s T _—

for Togistics accidents in the USAF

The "incompatibility” of the SINCGARS isa clas-
sic ecxample of not properly stating the requircments,
The “Inattention lo the MOS..." 15 a classic neglect of
good old standardized Logistics Engineering.

In short, your article continually puts forth the theme
of not the lack of MANFRINT or requirement for do

ing it, but rather the failure to develop and state the
contract requirements correctly,

I agree with the recent Secretary of Defense's
“policy of streamlining.” There are many good things
that can and ought to be done to improve the procure-
ment process, but many of the “Lessons Learned” are
imbedded in the MIL-STDs. “These were the tools that
helped produce the pood equipment.  Even today we
are feeling the pressure to eliminate System Safely asa
"ot Value Added” item to contracts, W, the LS. tax-
payers, will be paying for shoddy unsafe equipment in
the not oo distant [uture

I hope that you are suceessful with MANPRINT,
but I fear you will also faze the *“No Value Added" therme
in the future. Program Managers mean well and want
to get the most for their dollar, more bang for the buck,
but are often short sighted, seeking only the next pro-
motion cycle, The MIL-STDS were the leols usaed Lo
foree the Program Managers o get il right the first time,

William C. Morrison, CSP
Colonel, USAF (RET)

MANPRINT Action OHTicer Courses

MANPRINT Training Schedule

MANPRINT Vorlishops

Class Diate Loeatlon Class Date Location
96-703  22-31 Jen 90 Fedstong Arsenal, AL 96-705  6-94 Feb 96 Fort Hood, TX
96-70+  5-14 Mar 90 Fort Huachuce, AZ U5-T08 30 Apc- 2 May 96 TAUDOM, Warran, M1
96-001 15-25 Apr 96 USAILMC, Fort Lee, VA 96-709 79 May 96 Redstone Arsenal, AL
0h-705 14235 May 96 Fort Hood, TX 96710 4ty Jun 96 Fort Bliss, TX
2706 30 Jnl-BAuz®s  Port Monmouth, M) GE-713 0 20-22 Aug 96 Rudstone Arsenul, AL
Ba-002 9.19 Sep 96 USAILMC, Fort Les, VA
MAISRC

Closs Diate Location

9p-707  19-22 Mar 96 Fort Belvoir, VA

0f-Ti4  10-12 S5¢cp 98 Fuorl Belvoir, VA

O6-T15  24-27 Sep 96 Fort Huachuca, AZ

MANERINT Training POC: Mr. Jan Dykhuis, (703) 325-2098 or DSN 221-2098
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Thermal Stress as a Performance Restricting Factor in Ground Combat Vehicles
Ajoy Muralidhar, MANPRINT Engineer
United Defense L P, Ground Systems Division - York, PA 17405-1512

Nothing seems to bring home the limitations of
“carelully designed and tested” inilitary equipment like
Operations on actual terrain in remote regions of the
waorld, It happened to the United States in southeast Asia
and in the Gull War, the British experienced it in the
Falklands, the erstwhile Soviet Union in Afghanistan
and more recently, the Russians in Chechniva,,as ex-
pericnce with exposure to such degraded envirenments
increases, armies try to ensure that the enhanced re-
quirements are included in future acquisitions and
through system upgrades. Although this may tuke care
of hardware shortcomings (until the next major opera-
tien throws up new anes), the troops who are to con-
duct uperations in these adverse regions are subject to
the same harsh conditions, and there is little that can be
done by way of “upgrading” performances, especially
if the mohilization is at short notice.

The most immediately fGll impact, of course, is that
ol the dramatic change in the climatic conditions cxpe-
rienced. Operations in the desert in particular can im-
pose a great physiological strain on combatants, due to
the fact that usnally very litde time is available for ac-
climatization. Although the troops may not be immedi-
ately toreed into combat, there still remains the need
for extensive preparations prior to engaging the en-
emy—deployment, maintenance, exercises, cte., all of
which call for high activity levels, leading to greater
metabaolic activity and heat preduction. Further, the
operational scenario imposed requirements of clothing,
protective cyjuipment, cornmunication devices and field
equipment that the modem soldicr is burdened with
further increases the thermal luads expedenced due to
the limited amount of exposed body surface available
for evaporative cooling,

The thermal environment experienced by a soldier
is one of the most significant factors which affects pae-
formance as it directly determines the comfort level and
influcnces productivity. Although performance im-
praves with acelimatization, individual variances in the
adaptation period are very great, and physiological re-
spense: of a body of troops to the same sustained clima-
tological conditions may vary greatly depending on the
physical condition of the individual, the training, and
an different comhinations of clothing and activity. As
hurnan response to the thermal environment is very suh-
Jective, it becomes very difficult to define thermal com-

fort—it 15 the individuals' acceptance of perceived
ambient conditions as tolerable, or the zone where the
body can establish equilibrium with the environment
without causing psychological or physical distress.
Because of the wide variances experienced, this so-
called “comfort zone™ depends not only upon the am-
bient temperature, but also on other factors such as the
relative humidity, the work load, the clothing, air move-
ment and prolcctive equipment.

Although comfaort plays a great part in the contin-
ued motivation of an individual to perform, it is the
physiological purameters such as skin temperature, core
temperatiure ele., that serve to indicate safe levels of
human thermal response. Technically, an ideal state of
human thermal response is when the body heat storage
is reduced to zero, and the core temperature i main-
tained at 37°C (98.6°F) + 1"C (1.8"F), The mainlenance
of this core temperature and dissipation of stored body
heat requires a constant heat exchange hetween the body
and the environment, and is regulated by the laws of
thermodynamics. The mechanisms of heat dissipation
may take several forms, such as evaporative coaling,
conveetion, conduction, radiation, and heat loss through
other bodily functions like defecation and urination.

The thermal environments encountered by troops
that are required to operate ground combat vehicles pose
some challenges to designing heat dissipation mecha-
nisms to aid the body’s thermo-regulutory processes.
By their definition, a ground vehicle used in combat is
most likely heavily armored, and is designed to proteet
its crew and equipment from enemy threats, including
munitions, shock, blast overpressure and nuclzar, bio-
logical and chemical threaty. These requirements place
severs constraints on the designer/MANPRINT practi-
tioner trying o incorperate humsan enginesring, heallth
havard and safety requirements on these vehicles.

The survivabilily requirements of the combat ve-
hicle force the crew to work in a closed, sealed envi-
ronment. dependent upon forced air circulation throu gh
the vehicles® life support systems. In addition to the
heat gencrated by the metaholic activity of the crow,
there is an enormous amount of waste heat gencrated
by the systems’ on-board clectrical and electronic EYs-
temms, heat radiated foom the powerplant, weapon sys-
tem, thermal loading of the vehicle exterivr through

(continned on page &)
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Continucus MANPRINT Development in the Javelin Antitank Missile

{conzinued from page I)

' of Principal (POP) Test Program and was cmphasized
in both the POP and Full Scale Development (F5D)
Reguests for Proposals.

During POP, the early Advanced Anti-Armor
Weapon System - Medium (AAWS-M) MANPRINT
effort was catremely intense and drove the design of
the system we now know as Javelin. Lessons learned
in the Dragon propram were documented early by
the MANPRINT Joint Working Group, and 4 com-
prehensive System MANPRINT Management Plan
(SMMP) was developed and closely [ollowed. Early
mock-ups were developed, and handling character-
istics, center of gravity, and controls and displays were
assessed by the MANPRINT Team. The team con-
sisted of personnel from the Contractor, Project Of-
fice, and the User, aided by the Human Research and
Enginecering Directorate field offices at Fort Benning
and Redstone Arsenal. Additionally, three different
training programs were cvaluared, and training de-
vice effectiveness was analyzed during a Training
|| Force Development Test and Experiment (FDT&DL).
A comprehensive training program of instruction was
developed for the Initial Operational Test and Evalu-
ation based on the FDT&E resulls.

Some of the successful key initiatives in the FSD
phase of the program included early and continued
Soldier/Marine-in-the-loop testing; delivery of mack-
ups and vidco tapes with the FSD proposal; a one-
| ime MANPRINT Data Item Description prepared
| (o [acilitate development of the MANPRINT program
and test reports; high visibility of MANPRINT dur-
ing FSD Post Award briefings; a requirement for the
contractor to address each concern listed in the
| SMMP; and continued MANPRINT testing.

The early MANPRINT work resulied in a sys-
tem design which is vasily improved over the desizn
of its predecessor system in five of lhe seven
MANPRINT domains, and the other two domains,
Manpower and Personnel, were not adverscly im-
| pacted. As one result, soldier survivability 1s en-
| hanced. Instead of the Dragon’s wirz-guided missile,
which reguired the gunner to he exposed during track-
ing, the Javelin is a fire-and-forgel system. All gun-
ner tasks are accomplished prior to missile lavnch.
Training benefil is gained beeause the tracking task

(which has great skill decay}is no longer needed dur-
ing sustainment raining.

Furthermaore, & suite of training devices was de
veloped which includes the Basic Skills Trainct
(BST), Field Tactical Trainer (FTT) and Missile
Simulation Round (MSR) to support the critical train-
ing tasks. The BST is a computer based clagsroom
trainer. The FTT accomplishes two different missions.
It is both a range trainer, with an attached monitar
for instructor feedhack, and a force-on-force MILES
trainer. The MSR provides the gunner a weighted field
trainer to preclude unnecessary wear and tear when
training does not require the MILES FTT feedback.

Human Factors Bngineering was optimized. 'The
Javelin display provides intitive feedback to the gun-
ner so that he does not have to remember a o of
sequential tasks which would make him error prone.
The Javelin is a soft launch missile and does not cre-
ate the blast overpressure problems of its predeces
sur, thus minimizing Safety and Health Hazard risks.

The Javelin MANPRINT Team did not stop work
after its carly success in influencing design. Purther
important MANPRINT work is being done during
the Production and Deployment Phase of develop-
ment. Numerous examples of how the MANPRINT
Team has influenced the design of Javelin and its
training devices could be described. 1 have chosen
three illusirative examples to make the poinl.

For most ractical systems, raining devices do not
receive the same emphasis as the tactical weapon sys-
tem. The JTavelin MANPRINT Team realized carly
on that Live fire Irzining with Javelin would be cost
prohibitive and that the training devices needed ahigh |
degres of tactival system fidelity. The Javelin FTT |
and the BST demonstrated their worth during the Ini-
tial Operational Test and Evaluation, where gunners
trained with these devices fired live missiles and hit
804 of their targets. This was considered a major
achicvement and vet deficiencies were noted. In or-
der 1o field the most robust trainer possible within
cost, the Infanoy School Dircctorale of Operations
and Training, in coordination with the Javelin Assis-
tant Project Manager for Training Devices, developed
a detailed issues sheet that prioritized Lk-.l'iuiuu::'lc]
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and identified them as either negative training, reli-
ability or other issues early in the Production and De-
pleymenl Phase of development. The Project Man-
ager then dedicated software and hardware engincers

- from his Technical Management Division to an FIT

and BST [mprovement Program and established a
separate contraclual effort to address all the priori-
tized issues identified. This approach focused the
Texas Instruments/Lockheed Martin Javelin Joint
Venture into a parallel effort of equal emphasis. Sepa-
rate management reviews were conducted o track
progress as testing and developments warranted, On
numerous occasions the Ioint Venture sought and re-
ceived direct user feedback during their development
chionts.

As of this writing, technical testing of the FTT
and BT is being completed with very encouraging
results, A Soldier!Marine “early look™ of the IFTT at
Fart Benning will be conducted just prior to the tech-
nicul qualification tests as one lasl opportunity for
Soldice/Marine design influence before operational
lesting and initinl fielding,

Another example of how the Project Office, Con-
tractor, and User have jointly combined to address
MANPRINT domains is found in the development

' of technical publications. Al the very beginnina of

the Production and Deployment Phase of system de-
velopment, a Jaint Working Group meeting was held
to discuss the process by which the technical publi-
cations would be developed. The plan developed was
comprehensive with multiple in-process reviews, At
these page-hy-page reviews, User representatives
from the Infantry Schoaol and the Marine Corps sat
down with the Javelin Joint Venture technical writ-
ers and Project Office personnel. Discussions fre-
quenty revolved around whal the SoldierMarine
needed to know versus the technical underpinnings
that Engineers might have more interest in. When
possible, reviews were conducted with the hardware
and soldiers to eliminate doubt about how eguipment
worked. Additionally, the writers received first hand
feedback from Soldiers and Marines during the writ-
ing stage to see if the words and artwork conveved
the message needed in a clear and concise manner.
Drafll submissions will receive further feedback dur-
ing the Fort Benning User Evaluation and then again
afler the Limited Usér Test at Fort Hunter Liggett.

Final changss will be incorporated into the Final Draft
submission that will be used to field the First Unit
Equipped. This process has not saved time; however,
the quality of the product and needs of the Soldier
clearly ure going to be better met as a result of this
effort.

Furthermore, the Infantry School had a need to
field concurrently with the Javelin a Student Harl-
out that discusses tactics, techniques, procedures, and
battle drills for employment of the Javelin. Included
in this document is guidance to leaders that addresses
concern for soldiers when carrying their sustainment
load und the Javelin, This Student Handout will re-
ceive feedback from the field and eventally become
# published Field Manual for the emplovment of Jav-
elin,

One final example of how concerns for rhe
MANPRINT domains have influencad design is
found in the full rate production Command Launch
Unit (CLU). An Enhanced Producability Program was
initialed to simplify manufacluring design in order

to lower production costs after the initially fielded |

Low Rate Initial Production CLLI, At the earliest o
portunity, the Javelin Government/Contractor
MANTRINT Team was evaluating the man-machine
interface using mock-ups. After three reviews with
Soldiers and Marines, several design changes were
incorporated. This carly Soldier/Marine influence is
expected to pay the Army and Marine Corps preal
dividends by having a system developed and ficlded
that should not require futire improvements.

The Government/Contractor MANPRINT Team
is 10 be commended for its effort to keep a constant
vigilance on each of the MANPRINT domains duc-
ing the development and production of the tactical
system and training devices. The Javelin Project's
overall excellence was recenily recognized by its se-
lection for the Dacdalian Weapon Syslem Award. This
award 15 presented annually to one recipicnt in the

Army. Navy, or Air Force for having the most out- |

standing asrospace weapon svstemn program. The fi-
nal test of the Javelin MANPRINT Team efforts, of
course, will be how the gunners and the equipment
pertorm in combat. Feedback from Soldiers and Ma-
rines during development leads us to predict at this
point that the Anny and Marine Corps are gaing o
have a winner.

'MANPRINT Quarterly
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solar radiation, ete. The survivability requircment of a
non-reflective outer coating on combat vehicles in-
creases the absorption and refention of thermal energy.
The: laws of thermodynamics force the equalization of
thermal gradients throughout the vehicle, whatever the
source, with the whole vehicle being subject to “heat
soaking.” The massive hull and armor serves as @ heat
sink, storing excess thermal energy, and radiating it back
into the atmosphere, when ambient lempersture gradi-
ents are favorable,

When operating in daytime desert conditions, where
continuous solar loading is experienced Tor 8-10 hours,
the vehicle temperature continues 1o increase, unless it
is moving, or there is some air movement, The protec-
live NBC shields and Spall liners further exacerbate the
problem by elfectively insulating the crew compartmant
from the rest of the vehicle by forming a barrier and
interrupting the thermal flow. ‘This means that the crew
compartment becomes, in effect, o "hot pir pocker”
Local gradients within this enclosed space quickly at-
tiwin equilibriwm, leading to thermal saturation,

Crew members working in “buttoned-up” condi-
tions are thus subjected to high levels of thermal stress,
unless the ventilation system provided is adequately
designed to effectively transfer heat and keep the com-
pamment iemperature at comfortoble levels. Even then,
there are other problems that are encountered in pro-
viding adeguate cooling to the crow members—ihe pri-
meary considieralion is the apparel of the crew. Due to
reguirements of communication, which are pften
coupled with thal of hearing protection, GCV crews
have to usually wear their helmets, the prescribed bartle
dress uniforms for the particular region, with the asso-
ciated combat footwear. Tn humans, the region of the
head and upper body and extremities are the zones which
are richly supplied with blood vessels, and through pe-
ripheral circulation, serve as the body's “heat exchang-
ars” with the atmosphere. Combat required items of
apparel interfere with the body’s natural thermoregula-
tory processes, subjecting individual crew members to
micreclimates within their clothing and equipment, lead-
ing to increased heat loads and risk of heat stroke.

The risk of heat stress and heat stroke increase con-
siderably if the crew alzo has to perform heavy physi-
| cal work, such as lifting, loading, recovery operations
and other activities. When the remperature pradients

Thermal Stress as a Performance Restricling Factor in Ground Combat Vehicles
(continued from page )

within the crew compartments reach equilibrium con-
ditions duoe to saturation and air circulation, all the ob-
jects within the crew campartment {exeepl for the com
penents actually generating heal) arc al upproximately
the same surface temperalure, and no more heat can be
expelled by convection, conduction, or by radiation. At
this point, the only way the body can lose heat is by
sweating. When the skin temperature reaches 34°C,
peripheral circulation increases, and copious sweating
occurs. Sweating cools the body by means of cvapora-
tion, and in micro-climates where the evaporative pro-
cess is hampered, core temperature increases,

The effects of increased core temperatures are nau-
sea, giddiness, loss of muscular performance, redue-
tion of efficiency, cramps fram salt imbalanee and un-
consciousness, leading to death, The eaact physiologi-
cal response to increased core temperatures varies
greally with individuals, but loss of performance can |
generally be taken as a given, Reduced efficiency will
adversely alfect mission performance and survivabil-
iy,

As the limitations of geography, survivabilily and
operational conditions on thermal canditions inside
Combat Vehicles cannot be comected by design, mea-
sures must be taken o reduce the exposure time of com-
bat personnzl to thermal stress, This can be done by
reducing the length of lime they are actmally at their
stations. One possible solution is to assign multiple
crews to combat vehicles when operating in desert en-
vircnments, so that crews can be rotated frequently, and
thus are at pedak levels of efficiency. This would raize
problems of manpower availability and transportation,
to say nothing of transition requirements between crews.
However, this may be a viable solution in the early
phases of the mobilization, until the crews have had
sufficient exposure to the changed elimatic conditions
s0 as to become acclimatized. The acclimatization pro-
ceas takes several weeks, and consists of the body's
physiological processes adapling to the changed condi-
tions by adjusting salt loss, losing body far, stepping up
perspiration prixluclion, increased circulatory response
and increased fluid intake,

To counter the risk of thermal stress to the combat
crewperson, it is necessary to monitor personnsl con-
tinnously during operations in these conditions. In or-
der to do this, it may be nzcessary to sel up a system Lo
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alert the crew when heal stroke inducing conditions may
be present. This may take the form of a monitonng svs-
temn that measures oulside and internal temperamrss,
air flow rates, heat transfer rates, relative humidicy, and
temperature gradients within tha crew compartment. The
alert could be a visual or audible signal, and the moni-
taring system is integrated to the CV's microclimate
control system, The alert serves to warn the crew that
precantions must be taken 1o reduce the heat stress.

Some precautions that may be followed by combat
crews to minimnize the effects of heat stress are s Tul-
Tevws:

»  drink small quantities of fluid frequently to pre-
vent dehvdration. A sufficient quantily of luke-
wann or wanm water, sweetened coffes or lea
should be made available to the crew members.

= if possible, take adequate rest pauses during pe-
riods of heavy work.

= avoid clothing that is not absorbent or easily
permeable, This will trap heat close to the body.

Adr circulation inside the erew compartment should

be augmented by the use of small electric fans, strate-
gically located al each crew position to aid in sweat

evaporation. Due to the comparatively small area of the

crew compartment, evaporation of sweat quickly raises |

the moisture content of the cabin air to the exlent thal
further evaporation is hampered. The air filtration sys-
tem must be provided with a drving agent like silica gel
o ghsorb excess moisturs from the aic

Most 155ues dealing with thermal stresses in the
crew compartment are considered resolved when a cli-
mate control system is incorporated into the design of
the combat vehicle. However, this is not always so, The
climate control system should be capable of providing
a comfortable working temperature of 24"-28"C under

all ambient temperature conditions. Usuaally it is seen |

that under high ambient tempemture conditions, the ¢li-
mate control systems are overloaded and do not pro-
vide adequate cooling.

The MANPRINT practitioner has to pay special
attention 1o these problems tg ensure that issues such as
the effects of rapid mobilization, lack of acchimatiza-
tion, inadequate cooling and ventilation, and apparel
induced microclimates are addressed during the design
of the crew compartment, and in speciflying personnel,
training and equipment requiremsants,

Spending Your Nickels Wisely

(continged from page 3}

MANPRINT representatives observing the unique AH-
64D maintenance tasks. These were combinad with 64
previously identified mamtenance issnes of similar con-
cerns and consolidated into manageable categories. A
special working group comprised of the PM
MANPRINT Manager; prime and sub contractor rep-
resentatives; and the Army Resesarch Laborarory, 1Tu-
mnan Research and Engineering Directorate began work
immedistely to resolve these issues prior to production
desiyn frocec. As a resolt, design engingers gave par-
ticular allention to component location, accessibilicy,
allaching bardware and improved methods. To dare,
the review of new engineering drawings and acrual
hands on venification determined that 191 concerns have
hoen resolved. Seventy-one are near resolution, pend-
ing govemment verification. Work contnues on the
remaining issues with satisfactery resolution expected
prior to pradoction.

Since its inception, the Apache MANPRINT pro-

gram has identifiad, worked, and closed hundrads of
issues, The dollar zavings realized by applying

MANPRINT principles throughout a weapon systems
life eyele is difficult to quantify. When fielded, the re-
sultant redesigns to the Apache ars expected to reduce
manpower and personnel requirements, lmprove over-
all readiness, and improve the safety and survivability
aspects of the system, which could prevent the incaleu-
Lihle loss of an aviator's life.

Conclusions

There are many advantages for initinting and con
ducting an effective MANPRINT program. The over-
all effectivencss of the system (total system perfor-
mance) amd the salety of the soldiers are paramount
reasons [or establishing one. In addition, life cyvele casts
can be muduced by instimting MANPRINT principles
during the design process.

In summary, the Apache Project Manager recog-
nized early on the valus added in applying MANPRINT
design costs up front to reduce greater life cycle costs
down the road, He instituted a sound MANFRINT pro-
gram to make this happen. Indoing so, he has spent his
nickels wisely.
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